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Fig. 5-Determination of prednisolone i n  tablets. 
See Fig. 1 for key. 

presence of a %fold quantity of phenylbutazone 
having nearly the same absorbance at about 240 mp 
as the prednisolone. In the presence of both active 
ingredients (alcohol extraction), the measurements, 
owing to the high background absorbances, could 
only be made in dilute solutions. The sensitivity 
and precision of the method was extremely de- 
creased by this circumstance. To avoid this, an 
attempt was made to  select the extractio?. This 
could be achieved by the use of a 0.01 N solution of 
hydrochloric acid. I n  this solution prednisolone 
dissolves satisfactorily for the purpose given, while 
phenylbutazone being present a t  this acidity 
quantitatively in the keto form is dissolved only 
slightly. Thus the extraction of prednisolone 
becomes nearly selective. The small amount of 
phenylbutazone extracted has carbonyl groups of 

acid hydrazide type, which do not react with sodium 
borohydride, therefore the differential curve (Curve 
c, Fig. 5) is suitable for the correct estimation o f  
prednisolone. The background (Curve b )  is charac- 
teristic of the spectrum of phenylbutazone mea- 
sured in alkaline solution [Amax. 264 mp (9)]. 
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Effect of Physostigmine upon the Output of 
Catecholamines from the Adrenal Gland of the Rat 

By C. L. KAUL and R. S. GREWAL 

An investigation has been made on the effect of physostigmine on the output of 
catecholamines from the adrenal gland of the rat. Physostigmine (20 mcg. i.v.) 
causes three- to fourfold increase in the catecholamines output from the adrenal 
gland of the rat. This effect is mediated centrally as no increase was seen in the 
pithed animals. It is concluded that this peripheral release of catecholamines 
does not play any significant role in the hypertensive response of physostigmine 

in the rat. 

NTRAVENOUS administration of physostigmine I causes an appreciable rise in blood pressure 
in iin urethan-anesthetized rat (1, 2). This 
pressor response of physostigmine has been 
mainly attributed to central adrenergic stimula- 
tion and is absent or much less in pithed animals 
(2). Although the hypertensive response of 
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physostigmine is mainly central, there is some 
evidence to suggest that some peripheral action 
may also be involved (24).  MedakoviE and 
VaragiE (5) have also postulated that liberation 
of epinephrine and norepinephrine from the 
adrenals does not seem to play a significant role 
in the hypertensive response to physostigmine, 
as the response to  physostigmine was the same in 
normal or adrenalectomized animals. 



1742 Journal of Pharmaceutical Sciences 

square were carried out for assay. Three samples 
were usually collected from each rat, one a t  0 hr. 
before giving physostigmine and the other two 
a t  30 and ti0 rnin. after giving physostigmine. 
Control experiments were carried out without 
physostigmine and the samples were collected at 
0, 30, and 60 min. and were assayed against nor- 
epinephrine to see if there were any increase in the 
amount of catecholamines released during this time. 

To confirm whether the effect of physostigmine 
was central or peripheral, a set of experiments 
(Series 4) was done using pithed animals and in 
this set also three samples of blood were collected 
and assayed as described above. In these experi- 
ments the blood flow was very low and a longer 
period of collection (40 min.) was necessary to 
collect approximately the same volume of blood so 
that an assay could be carried out and the rate of 
heparinized saline infusion had also to be increased 
(0.24.3 ml./min.). 

For the estimation of total catecholamines from 
the adrenal gland, extraction of the tissues was car- 
ried out by perchloric acid and the extract after cen- 
trifugation was assayed on the spinal cat (blood pres- 
sure) using epinephrine as a standard. 

Drug3 used-Epinephrine acid tartrate; 2- 
norepinephrine-&hydrogen tartrate; physostigmine 
salicylate; and propranolol. 

All concentration and doses of these drugs refer 
to their salts except for epinephrine and norepi- 
nephrine where it is expressed as a free base. Doses 
o f  physostigmine are expressed per rat. 

Physostigrnine is known to increase the output 
of epinephrine (I& 15-fold) frotn the cat adrenals 
(6). According to these authors, this effect is 
mediated centrally, as no increase in  the output 
of epinephrine was demonstrated when the 
splanchnic and other nerve supply to  the adrenal 
glands was cut. Since physostigmine is known 
to cause central adrenergic stimulation in the rat, 
i t  is possible that this effect is conveyed to the 
periphery through established sympathetic path- 
ways and one would expect i t  to cause a release 
of catecholamines from the rat adrenals (as has 
been shown in the case of cats). This release of 
catecholamines could possibly contribute to  the 
hypertensive effect of physostigmine. 

The purpose of the present work was to see if 
physostigmine increased the output of catechol- 
amine from the adrenal gland in  the rat and if 
this output contributes t o  its hypertensive 
response. Therefore i t  was also thought desir- 
able to compare the pressor response of epi- 
nephrine, norepinephrine, and physostigmine in 
normal and adrenalectomized animals to see i f  
there are any differences in  the response of the 
cardiovascular system under these conditions. 
Finally the effect of @-blocker on the hypertensive 
response of physostigmine in normal and adrenal- 
ectomized rats was also investigated. 

METHODS 

Adult male rats (C.F. strain) weighing from 300- 
340 g. (Series 1-3) and 250 g. (Series 4) were used. 
They were anesthetized with urethan (1.5 g./kg.). 
Four series of experiments were carried out in these 
animals. In  the first series the pressor response to 
20 mcg. of physostigmine was measured in normal 
and adrenalectomized animals. In the second 
series pressor response to intravenous injection of 
epinephrine and norepinephrine was measured in 
normal and adrenalectomized rats. In both these 
sets of experiments the blood pressure was recorded 
from a common carotid artery by a mercury man- 
ometer writing on a smoked kymograph. In the 
third series of experiments the total catecholamines 
were measured as norepinephrine from the venous 
effluent of the main adrenal vein (side branch tied) 
during control period and after intravenous in- 
jection of 20 mcg. of physostigmine. In these 
experiments both the jugular veins were cannulated, 
one for injection of the drugs and the other for 
giving continuous infusion of heparinized saline 
(0.1 ml./min.) till the end of theexDeriment. Blood 

RESULTS 

Results of the first group of experiments show that 
pressor responses to 20 mcg. of physostigmine in 
adrenalectomized animals is slightly but significantly 
higher than the controls (Table I). There was 
however no significant difference in the pressor 
responses of epinephrine or norepinephrine in normal 
and adrenalectomized animals a t  different time 
intervals (Table 11). 

The effect of physostigmine on the catecholamine 
output is shown in Table 111. From this table it 
can be seen that there is a 34-fold increase in the 
amount of catecholamine output measured as 
norepinephrine. This increase in the catecholamine 
output was seen 0.5 hr. after intravenous injection 
of physostigmine and persisted up to 1 hr. when 
the last sample of blood was collected. In  a set 
of control experiments where no physostigmine was 
given, there was some increase in the amount 
of catecholamine output in the blood collected a t  
1 hr. However, the difference between the two 
means was not statistically significant. In pithed 
animals, the control levels of catecholamines were 
lower than the normal animals and physostigmine 
produced no significant increase in the output of 

0.5-0.7 ml., was collected in about 30 min. from a 
cannulated adrenal vein in a cold centrifuge tube, 
containing heparin. The plasma was separated by To PHYSoSTIGMINE (20 mcg.) IN AND 
centrifugation (about 2,000 r.p.m.) and it was 
assayed against norepinephrine on the blood pres- 
sure of a pithed rat. As the volume of the plasma 
was very small, the unknown plasma sample was 
bracketed between two or three doses of standard 
norepinephrine. In  some experiments where the values are the * SEM. bFigures in the 
volume of plasma was higher, two lines Of a Latin c p  < 0.01. 

TABLE (mm. Hg) 

ADRENALECTOMIZED RATS" 

Treatment B.P. Rise. mm. Hg 

54.20 f 3.19 (14)b 
66.3 f 2.73 (lop 

Normal 

brackets indicate the number of observations. 
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TABLE 11-BLOOD PRESSURE RESPONSES (mm. Hg) To CPINI~PIIRINE (0.5 mcg.) AND NORRPINRPHRINE (0.6 
mcg.) I N  NORMAL AND ADRENALRCTOMIZED RATS' 

c Normal - 
0 hr. - -  0.5 hr. - -  1 hr.- 

Epinephrine Norepinephrine Epinephrine Norepinephrine Epinephrine Norepinephrine 

Normal 
39.30 f 4.47 42.60 f 5.77 39.10 f 4.99 34.00 f 4.49 40.10 f 6.76 31.60 f 4.54 

Adrenalectomized 
52.60 f 4.22 43.30 f 8.92 54.00 f 7.44 35.30 f 8.08 40.30 f 5.09 31.30 f 5.54 

All values are the means f SEM of determinations on 6 rats. 

TABLE 111-CATECHOLAMINE OUTPUT PROM THE ADRENAL VEIN IN CONTROL RATS 
AND RATS GIVEN PHYSOSTIGMINE" 

Dose, Concn., mcg./ml., Calcd. as nor epinephrine^ - 
Treatment Drug mcg. 0 br. 30 min. 60 min. 

Control - - 0.16 f 0.03 (8)b 0.22 f 0.04 (9) 0.26 f 0.05 (9) 
Normal rats Physostigmine 20 0.20 f 0.02 (15) 0.65 f 0.11 (12). 0.86 f 0.18 (11p 
Pithed rats Physostigmine 20 0.023 f 0.002 (6) 0.027 f 0.006 (6) 0.021 f 0.006 (6) 

I' All values are the means f SEM. Figures in the brackets indicate the number of observations. p < 0.001. 

catecholamines (Table 111). Since the catechol- 
amine concentration was lower in the plasma of 
the pithed animals, i t  was also of interest to  see if 
pithing itself produced any significant effect on the 
catecholamine content of the rat adrenals. The 
results of these experiments are shown in Table IV. 
From this table it can be seen that there is a sig- 
nificant reduction in the catecholamine content of 
adrenal gland after pithing. 

The experiments reported with propranolol 
(Table V) show that in both normal and adrenal- 
ectomized animals, propranolol potentiated the 

TABLE IV-THE EFFECT OF PITHING" ON THE 
CATECHOLAMINE CONTENT OF RAT ADRENALS~ 

Treatment Concn., mcg./g. 

Control 931.0 f 40.4 (21)c 
Pithed 676.0 f 30.0 (ll)d 

"The animals were pithed under light ether anesthesia 
and were kept on artificial respiration for 0.5 hr. before 
the adrenals were taken out. All values are the means zk 
SEM. 'Figures in the brackets indicate the number of 
observations. Six adrenals from 3 rats were used for each 
observation. d p  < 0.001. 

hypertensive response of physostigmine slightly. 
In adrenalectomized animals, with the higher dose 
of propranolol the increase in the pressor response 
was significantly higher than the normal rats (65%). 

Varagif et al. (7) have also reported slight increase 
in the pressor response of physostigmine in rats 
given propranolol (21.7 mg./kg.). 

DISCUSSION 

The results presented in this paper show that 
intravenous administration of physostigmine in 
normal rats increases the output of catecholamines 
from the adrenals. This increase in the output of 
catecholamines was absent in pithed animals, 
indicating thereby that physostigmine produces the 
effect centrally and no peripheral action is involved. 
Similar results have been reported by Stewart and 
Rogoff (6) in cats. 

The lower concentration of catecholamines found 
in the plasma of pithed animals is probably related 
to the fact that  a significant reduction in the total 
catecholamine content of the adrenal gland occurs 
after pithing. It perhaps also indicates that 
central adrenergic mechanisms have a certain tonic 
influence on the release of adrenal medullary hor- 
mones and in the absence of this central influence, 
as happens in pithing, the amount of hormone 
release is less. Another contributory factor would 
be reduction in the blood supply to the adrenals 
consequent to the lowering of blood pressure after 
pithing. Harvey et al. (8) have also reported low 
values of plasma catecholamines in pithed dog 

TABLE V-EFFECT OF PROPRANOLOL (100 AND 200 mcg./kg.) ON THE HYPERTENSIVE RESPONSE 
OF PHYSOSTICMINE (20 mcg.) IN NORMAL AND ADRENALECTOMIZED R A T S ~  

7 B.P. Response. mm. Hg 7 

Normal 100 55.61 f 5.09 (6)* 71.10 f 10.98 (6) 
Normal 200 54.30 f 6.10 (6) 65.20 =k 3.70 (5) 
Adrenalectomized 100 59.10 f 5.60 (6) 76.30 f 5.96 (6) 
Adrenalectomized 200 52.60 f 6.90 (6) 87.30 f 9.70 (6). 

Treatment Dose, mcg./kg. Before Propranolol After Propranolol 

' All values are the mean z t  SEM. Figures in the brackets indicate the number of observations. p < 0.05. 
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pressor response of physostigmine in the adrenal- 
ectomized animals as compared to controls is seen. 
This could not be attributed to the change of 
sensitivity of the cardiovascular system, after 
adrenalectomy, since pressor responses of epineph- 
rine and norepinephrine were the same in both 
normal and adrenalectomized animals. This is 
further supported by experiment with propranolol 
where an increase in the pressor response of physo- 
stigmine occurred. The slight but significant (fi  < 
0.05) increase in the pressor response in the adrenal- 
ectomized animals is difficult to explain with the 
data available. 
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In Vitro Utilization of Diethylstilbestrol 
bv Rat Liver 

J 

By MARiA GABALDON, JUAN SANCHEZ, and ANTONIO LLOMBART, JR. 

A technique is described for the study of the utilization of diethylstilbestrol (DES) 
by rat liver in vitro. T h e  disappearance of DES and the seasonal variations were 
determined on liver slices and homogenates. A chromatographic identification of 
diethylstilbestrol monoglucuronide (DESGA) as a reaction product in the assays of 
slices was carried out. The effect of liver reincubation with saline phosphate 
buffer, of phenylmercuric acetate, and of u r i g n e  diphosphate glucuronic acid on 
DES utilization by liver was studied. The possibility of a DES utilization pathway 
other than monoglucuronide formation is discussed. A thin-layer chromato- 

graphic study was carried out with DES and DESGA. 

IETHYLSTILBESTROL ((.,a' - diethylstilbene- 
diol) is a n  orally active synthetic estrogen 

that has been utilized in  therapeutics to  produce 
prostatic tumor regression; it inhibits glutamate 
dehydrogenase by  breaking the enzyme into in- 
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active subunits (I), uncouples oxidative phos- 
phorylation with mitochondria1 volume expan- 
sion ( 2 ) ,  and inhibits electron transport between 
cytochromes h and c (3). 

a1 Mar. Valencia, Spain. 


